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(57) ABSTRACT 

The invention relates to a method for controlling the decel 
eration on the ground of a vehicle. The method obtains, from 
the crew of the vehicle or from an outside operator, param 
eters relating to its current position and its current speed. Then 
it determines a reference position and speed of the vehicle, the 
reference position being a theoretical position to be reached 
by the vehicle. Finally it determines, from indicated param 
eters and from reference parameters, a deceleration command 
with a view to ending up at a target position at a preselected 
speed. 

24 
Acquisition of current 

dynamic parameters X(t), 
V(t) 

1 Calculation or updating of 
deceleration limits nxseLmini, 

XSELmax 

Calculation of reference 
position XR 

Updating of authorized 
preselected deceleration 

value nxSEL 

Calculation of the 
reference speed VR 

Calculation of the 
deceleration command nx 

36 Braking means 

---. - - - 
Exit Conditions 

Ending point reached 
(X(t) > XEXIT) 

Current speed less 
than desired speed (V(t) 38 

Manual stop by operator 
  

  

    

    

  

  

  

    

    

  

  

  

  

  

    

  

  

    

  



Patent Application Publication Nov. 22, 2012 Sheet 1 of 2 US 2012/0296.498A1 

10 

  



Patent Application Publication Nov. 22, 2012 Sheet 2 of 2 US 2012/0296.498A1 

22 

20 
Acquisition of control parameters 
by operator or by default XExit, 

VEXIT, nxSEL 

Acquisition of current 
dynamic parameters X(t), 

V(t) 

Calculation or updating of 
deceleration limits nxsmini, Ending point reached XSELmax 

- - - - - - - - - - - - (X(t) > XEXIT) 

Current speed less 
than desired speed (V(t) 

< WExIT) 

Updating of authorized 
preselected deceleration - Manual stop by operator 

Value nXSEL -- 

Calculation of the 
reference speed VR 

Exit conditions 

28 
Calculation of reference 

position XR 

Calculation of the 
deceleration command nx 

* - Barnames 
Fig. 3 

    

  

  

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  



US 2012/O296498A1 

METHOD FOR CONTROLLING THE 
DECELERATION ON THE GROUND OFA 

VEHICLE 

0001. The invention relates to a method for controlling 
deceleration on the ground of a vehicle, more particularly of 
an aircraft such as an airplane. 
0002 Because of airport congestion and the costs gener 
ated by use of landing areas, efforts have been made to reduce 
the time during which these infrastructures are occupied by 
airplanes. 
0003 Most transport airplanes are equipped in known 
manner with an automatic braking system that produces a 
predefined deceleration according to the needs of the crew 
after touchdown of the wheels. This deceleration makes it 
possible in particular to have the airplane end up at a given 
point at a given speed. 
0004 For this purpose, certain airplanes are equipped with 
an automatic braking system known under its English termi 
nology of “Brake to Vacate” (BTV). This system advanta 
geously makes it possible to adapt a braking profile according 
to the characteristics of the ending point, known outside con 
ditions and other parameters indicated by the crew. 
0005. The BTV system works out deceleration profiles 
according to a model referred to as "ramp-plateau consist 
ing, as its name Suggests, of a progressive linear deceleration 
from a zero initial value up to a final set value with, for a 
possible option, a hard continuous braking in case of danger. 
Another deceleration model, referred to as “plateau-ramp.” 
consisting of a degressive linear deceleration from a set initial 
value also is known. 
0006. The method used by the BTV system, however, does 
not always make it possible to find a solution to the system of 
equations to be solved in order to calculate the deceleration 
command. Certain dynamic conditions, such as the speed and 
position of the airplane, its weight or the position of the 
ending point, may have values such that the system of equa 
tions does not allow any solution. 
0007. The current calculation method in fact is based on an 
estimate of the time for switchover of the ramp to the fixed 
plateau. It so happens that, when the chosen value for the 
plateau is too high in relation to the actual braking need 
(determined by the dynamic conditions that may vary accord 
ing to the quality of the runway, the wind Velocity, etc.), the 
Switchover time becomes greater than the braking time and 
the calculated profile no longer corresponds to any physical 
Solution. This generally brings about an overly hard decelera 
tion, leading to an overly long runway occupancy time. 
0008. This invention therefore proposes to resolve at least 
one of the problems set forth above by automatically adapting 
the braking parameters ("braking is understood as the con 
trolled application of a force counter to the direction of for 
ward movement of the vehicle and producing a deceleration) 
to dynamic conditions and to disturbances. 
0009 More particularly, the invention has as an object a 
method for controlling the deceleration on the ground of a 
vehicle, characterized in that it comprises the following steps: 

0010) obtaining a preselected deceleration value; 
0011 obtaining current dynamic parameters represen 
tative of the current position and the current speed of the 
vehicle: 

0012 determining, from the said obtained parameters 
and from the preselected deceleration value, a reference 
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position and speed of the vehicle, the reference position 
being a theoretical position to be reached by the vehicle: 

0013 determining, from the said parameters and from 
the said reference position and speed, a deceleration 
command with a view to obtaining a preselected ending 
position and speed of the vehicle. 

0014. The deceleration command thus depends on a decel 
eration profile established from the preselected ending posi 
tion and speed. 
0015 The preselected deceleration value corresponds in 
particular, in the case of a plateau-ramp or ramp-plateau type 
profile, to the value of deceleration of the plateau. 
0016 Since the preselected deceleration value is neces 
sary to the calculation of the reference position and speed 
values, this step of obtaining the preselected deceleration 
value takes place prior to obtaining current dynamic param 
eters. 

0017. In the context of a device implementing the method 
that is the object of the invention, the preselected deceleration 
value may be defined by the crew of the vehicle, by an outside 
operator or automatically (choice by default). 
0018 Advantageously, the deceleration command (“de 
celeration command” is understood as the deceleration value 
which the method that is the object of the invention commu 
nicates to means able to apply a braking) no longer depends 
on Switchover time but on certain reference parameters. 
0019. The reference position corresponds to a theoretical 
position which the value of the current position of the vehicle 
should approach, and ideally should reach. The reference 
position corresponds more precisely to the position at which 
the vehicle would be situated moving, on the one hand, at the 
current speed and, on the other hand, according to a decelera 
tion for which the vehicle would reach the ending position at 
the preselected ending speed. The reference position gener 
ally depends on the conditions of advance of the vehicle. 
0020. This deceleration depends on the type of decelera 
tion profile chosen: if it is a matter of a ramp-plateau profile, 
it corresponds to the maximum deceleration; if it is a matter of 
a plateau-ramp profile, it corresponds to a deceleration close 
to Zero (value E). If the current position is different from the 
reference position, the profile is recalculated as described 
farther on. 

0021. As for the reference speed, it corresponds to the 
speed that the vehicle would have at its current position if it 
was moving according to the deceleration making it possible 
to reach the ending point at the preselected ending speed. 
0022. These two theoretical values intrinsically depend on 
phenomena able to influence the deceleration of the vehicle, 
such as the weather conditions, the relief of the land, the 
ground Surface, etc., and thus make it possible to adapt the 
braking. 
0023. In this way, the invention proposes an adaptation of 
the deceleration command of the braking parameters being 
implemented according to physical and mathematical crite 
ria, ensuring an arrival at a target point (stopping position or 
point) at the desired speed, and this while guaranteeing that 
the system of equations to be solved in order to determine the 
deceleration command offers a solution irrespective of the 
braking conditions. 
0024. Furthermore, by virtue of this dynamic calculation 
mode for the deceleration command, additional safety brak 
ing commands become easier to integrate so as to create a 
complete system. 
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0025. The invention therefore may be used to produce an 
auto-adaptive command with profiles applying to arrival tar 
get points and safety speeds. 
0026. In order to better adapt to environmental conditions 
certain examples of which have been cited above, the method 
comprises the running, in iterative manner, of a Succession of 
at least some of the aforementioned steps. 
0027. For example, after running of a succession of the 
aforementioned steps of the device (or only of some of them), 
the method activates a new succession of steps during which, 
following the step of updating the deceleration command, the 
method activates a new iteration of steps starting off at the 
step of obtaining current dynamic parameters. 
0028. According to a possible characteristic, the value of 
the reference position of the vehicle is determined in real time 
from the current speed of the vehicle and the preselected 
deceleration value obtained. 

0029. The reference position of the vehicle therefore may 
be defined as the position at which the vehicle would be 
situated moving at the current speed and according to the 
deceleration nx, for which it would reach the ending point 
at the preselected ending speed. 
0030. In this way, in the case of a plateau-ramp profile, the 
theoretical position corresponds to the position in which the 
vehicle would be situated moving at its current speed, accord 
ing to the preselected deceleration obtained beforehand. 
0031. This calculation choice allows the reference posi 
tion to fulfill its function as position to be reached. 
0032 For this deceleration profile, the value of the refer 
ence position X is calculated according to the formula 

3 g nXSEL 
V - V (to) V - 2. W V 2. W V( ) - V(t) + 2. V(to)) - (V(t) + 2. V(to)) 

0033 where V is the current speed (V and V(t) are merged 
here, V implicitly depending on the instant considered), to is 
the moment of activation of the device, t the moment of end 
of deceleration, g the universal gravitation constant, and 
nXs the preselected deceleration value. 
0034. In the case of a ramp-plateau profile, the profile 
beginning at the preselected deceleration, the reference posi 
tion corresponds to the position in which the vehicle would be 
situated moving at its current speed, with near-Zero decelera 
tion. 

0035. For this deceleration profile, the value of the refer 
ence position is calculated according to the formula 

(4 V(t) + 2 V(to)) 
2 

XR(W) = X(t) - (W(t) - V(to)) 3. (V(t) - V (to)) 
g" ii.XSEL 2. V(to) B-26 + 6 

W(t) - V (to) 3 

V - V(t) = 1 -i- I - 
f3 W(to) - V(t) 

0036. The method further may comprise an initial step of 
preselecting control parameters for deceleration. 
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0037. In the context of a device using the method that is the 
object of the invention, these control parameters are indicated 
by the crew of the vehicle, by an outside operator or auto 
matically (choice by default). 
0038 According to a possible characteristic, these control 
parameters for deceleration comprise the ending position of 
the vehicle, the speed of the vehicle on arrival at this ending 
position (preselected ending speed), a type of deceleration 
profile of the vehicle and the preselected deceleration value. 
0039. At least some of the values of the reference position 
of the vehicle, the reference speed of the vehicle, and the 
preselected deceleration value may be updated interdepen 
dently in the course of the same iteration of the succession of 
at least some of the aforementioned steps. 
0040. In particular, an updating of the preselected decel 
eration value may be performed in the course of an iteration 
when certain conditions or disturbances are encountered. 

0041. This makes it possible to optimize the robustness of 
the braking law with regard to possible disturbances that 
might add to or Substitute for its deceleration command. 
0042. The value of the reference speed is determined in 
real time from the current position of the vehicle and from the 
preselected deceleration value. 
0043. The reference speed corresponds to the speed that 
the vehicle would have at its current position if it was moving 
according to deceleration nx for which the vehicle would 
reach the ending point at the preselected ending speed. This 
parameternx, makes it possible to retain the same formula 
whether the deceleration profile is of ramp-plateau or plateau 
ramp type. 
0044) The value of the reference speed is calculated 
according to the formula 

2(Xcarp - X v, -r nort- | 208stop-X) - g nxty. T 

where the parameters Xs and T are defined by the formu 
las 

Vivir V2 
XSTOP = XEXIT - 2gnx et Xstop = X -- T. V - 2.g. nxtv. 

w V 

X, being the value of the ending position and V, the 
desired (preselected) speed at this position (preselected end 
ing speed). 
0045. In the particular case where the vehicle is an aircraft 
and where the law of deceleration is used to prevent an over 
shooting of the end of the runway, Xs, L where L is the 
length of the runway. 
0046. In this way, in the case of a ramp-plateau profile, the 
value of nx, corresponds to the value of maximum decel 
eration. The reference speed of the vehicle therefore may be 
defined as the theoretical speed that the vehicle would have at 
its current position if it was moving according to the maxi 
mum deceleration obtained beforehand. In this case, the cur 
rent speed is at any moment less than the reference speed. 
This calculation choice is coherent in relation to the definition 
of reference position. 
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0047. In the case of a plateau-ramp profile, the value of 
nX is set as being very low. In this case, the current speed 
at any moment is greater than the reference speed. 
0048. The method further may comprise a step of updating 
the preselected deceleration value in the course of the same 
iteration, the updating step taking place between the step of 
determining the reference position and the step of determin 
ing the reference speed. 
0049. This updating step is performed in particular in the 
case where outside disturbances as a whole have contributed 
toward the braking being more effective than anticipated. It 
comes down to reducing the preselected deceleration value so 
as to prevent the braking from terminating before the ending 
position or point, which would amount to occupying the 
runway for too long a time in the case of roll of an airplane on 
a landing runway. 
0050. The method further may comprise a step of deter 
mining the deviation between the current speed of the vehicle 
and the reference speed of the vehicle and/or a step of deter 
mining the deviation between the current position of the 
vehicle and the reference position of the vehicle. 
0051. The updating of the preselected deceleration value 
then is performed from the determination of the deviation 
between the current speed of the vehicle and the reference 
speed of the vehicle and/or from the deviation between the 
current position and the reference position. 
0052. In particular, the updating of the preselected decel 
eration value is performed by reducing it proportionally 
according to the deviation between the current position of the 
vehicle and the reference position of the vehicle. 
0053. In the event of detection of an overshoot of the 
ending position by the vehicle, the method further may com 
prise a step of changing the deceleration profile of the vehicle. 
The preselected deceleration value is updated until com 
manding maximum deceleration if necessary. 
0054. This detection takes place in particular if the value 
of the current position of the vehicle exceeds that of the 
ending position by more than apredefined safety threshold, or 
else if this value overshoots the end of the runway if the 
vehicle considered is an aircraft. 
0055 According to one characteristic, the deceleration 
profile is of "ramp-plateau” or “plateau-ramp' type, which 
are the profiles commonly used in the context of landing of an 
aircraft. 
0056. The invention also has as an object a device for 
controlling the deceleration on the ground of a vehicle, char 
acterized in that it comprises: 

0057 means for obtaining current dynamic parameters 
representative of the current position and the current 
speed of the vehicle: 

0.058 means for determining, from the said parameters 
obtained, a reference position and speed of the vehicle, 
the reference position being a theoretical position to be 
reached by the vehicle: 

0059 means for determining from the said parameters 
and the said reference position and speed, a deceleration 
command with view to obtaining a preselected ending 
position and speed of the vehicle. 

0060. This device further comprises means for receiving 
parameters for control of deceleration. 
0061. In this way the parameters for control of decelera 
tion may be indicated by the crew of the vehicle, by an outside 
operator or by default. 
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0062. The device further may comprise means for display 
ing at least some of the results determined by the aforemen 
tioned determining means, namely the reference position and 
speed and the deceleration command. 
0063. In this manner, the crew or an outside operator is 
informed of these values at each iteration. 
0064. The device further may comprise means for obtain 
ing an estimate of the position where the vehicle will reach the 
preselected ending speed. 
0065. In fact, this position may be different from the end 
ing position following the occurrence of an unforeseen event 
changing the advance of the vehicle. 
0066. This estimate allows the crew oran outside operator 
to note effects of outside conditions on braking and to antici 
pate a possible delay in the advance of the vehicle or a danger. 
0067. The invention also relates to an aircraft comprising 
at least one device according to the invention. 
0068. Other characteristics and advantages will become 
apparent in the course of the description that is going to 
follow, given by way of non-limitative example and presented 
with reference to the attached drawings, on which 
0069 FIG. 1 is a schematic representation of an airplane 
on a landing runway illustrating parameters representative of 
various positions of an airplane on landing: 
0070 FIG. 2 is a block diagram illustrating the relation 
ships between the various elements of a device implementing 
the method according to the invention; 
0071 FIG. 3 is a flow chart representing the setup of the 
steps of the algorithm followed by the method according to 
the invention. 
0072 The method that is the object of the invention makes 

it possible to determine, in real time, simply, precisely and so 
as to adapt automatically to unforeseen events, the value of a 
deceleration command to be applied to a vehicle in order that 
the latter may reach a given position with a given speed 
(ending position and speed). 
0073. With reference to FIG. 1, the method that is the 
object of the invention makes it possible to have a vehicle 1, 
as it happens an airplane moving on a landing runway 2 with 
length L. from its departure point, which for airplane 1 cor 
responds to the point of touchdown of wheels 4, end up at a 
given point called “ending point, here the exit point of run 
way 6, at a speed determined beforehand. 
0074 The method advantageously provides a progressive 
and linear deceleration with an initial Zero value up to a final 
value set if possible (“ramp-plateau” profile already referred 
to above). 
0075 Alternatively, this deceleration is degressive andlin 
ear, from an initial value, set if possible, to a very low final 
value (plateau-ramp' profile). 
0076. The method also makes it possible to see to it that the 
deceleration is achieved in a context of safety, and this by 
easily integrating additional braking commands if a danger is 
detected, such as a recognized risk of overshooting a point 
beyond which the integrity of the vehicle is threatened. 
0077. In the case of airplane 1 of FIG. 1, this point may 
correspond to the runway end point 8 of runway 2. 
0078. In a preferred embodiment, a device 10 implement 
ing the method in accordance with the invention is carried on 
board vehicle 1. Device 10 comprises means for interface 12 
with an operator (for example with the aid of a screen, a 
keyboard, a touchscreen, . . . ), means for acquisition of 
current dynamic parameters 14, means for application of 
braking 16, and a computer 18. 
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007.9 The relationships among these various elements are 
illustrated on FIG. 2. 
0080. The means for interface 12 with the operator com 
municate in real time to computer 18 certain parameters that 
may be indicated by the operator, in particular the ending 
position or point marked X on FIG. 1, the speed of arrival 
at this ending point, the type of deceleration profile and the 
preselected deceleration value. These interface means also 
may comprise means for displaying at least some results 
obtained in the course of running the algorithm of FIG. 3. 
0081. The means for acquisition of current dynamic 
parameters 14 are able to measure directly via sensors or to 
estimate through other procedures the current speed and the 
current position V(t) of the vehicle marked X(t) on FIG. 1. 
These means communicate the values of these parameters to 
computer 18 in real time. 
0082. After obtaining the parameters indicated by inter 
face means 12 and the current dynamic parameters provided 
by acquisition means 14, computer 18 runs algorithm 20 
illustrated on FIG.3 and described farther on. 
0083. At the conclusion of the algorithm, computer 18 
communicates to braking application means 16 a calculated 
acceleration command, this in order to implement the braking 
adapted in this way. 
0084 Computer 18 also communicates to interface means 
or system 12 an estimate of the point and the speed for end of 
deceleration as will be seen farther on. 

I0085 FIG. 3 illustrates in detail the steps of the method 
according to the invention (algorithm 20). 
I0086. Initial step 22 is performed before touchdown of the 
wheels. 
0087. In the course of initial step 22, the computer 
acquires, by virtue of interface means 12, the parameters 
provided by the operator before the beginning of braking 
(parameters for control of deceleration). 
0088. In this regard, it will be noted that the interface 
means may comprise means for reception of such parameters, 
for example originating from outside the aircraft (ex: airport). 
Reception may be carried out, for example, via a radio or 
satellite communication means. 
0089. In the case of an airplane, the operator may be the 
crew or an operator outside the vehicle, for example an air 
traffic controller. 
0090. In a preferred embodiment, these parameters com 
prise at least the ending position or point X and the pre 
Selected speedV at the end of braking (at position V), 
as well as the selection of the type of braking profile from 
among at least two possibilities, namely ramp-plateau or pla 
teau-ramp. 
0091. The operator also may choose to communicate or 
not to communicate the preselected deceleration value nxs 
to the device. 
0092. In the latter case, the algorithm calculates a value 
thereof by default, optimized from the other parameters. 
0093. Once initial step 22 is carried out, activation of the 
method according to the invention is performed either manu 
ally by the operator, or automatically by detection of touch 
down of the wheels. 
0094. The step of acquisition of dynamic parameters 24 
then is carried out. During the course of this step, algorithm 
20 acquires, by virtue of means for acquisition of current 
dynamic parameters 14, the values of position X(t) and cur 
rent speed V(t) of vehicle 1 at the instant considered. 
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0.095 Then in the course of step 26 of updating or of 
calculating the limit values for deceleration, the limits for 
minimum nxset, and maximum nxset are obtained (for 
example from the values stored in memory). These limits are 
used in particular to adjust the preselected deceleration value. 
0096. In particular, the limit value for maximum decelera 
tion is a priori different from the maximum value for decel 
eration nx in the case of a ramp-plateau profile. These 
values may be equal under specific conditions set forth farther 
O. 

0097. In particular, these values may be calculated with 
the aid of the following formulas. For a ramp-plateau type 
profile, these formulas are: 

V(1) - Vitto) e. 2.g. (X(t) - X(t)) 
2 (V(1) V(0)(V(1) + 2 V(0) 

SEL max = 3 X(t) - X(to) 

fiXSELinini F 

and 

0.098 for a plateau-ramp type profile: 

i 2 (V(t) - V(to)(2 V(t) + V (to)) 
SEL max = 3 X(t) - X(to) 

(0099 where V is the current speed (V and V(t) are merged 
here, V implicitly depending on the instant considered), to is 
the moment of activation of the device, t the moment of end 
of deceleration, g the universal gravitation constant. 
0100. In the case of a “ramp-plateau” profile, if the prese 
lected deceleration value has been indicated beforehand by 
the operator in the course of step 22, algorithm 20 ensures that 
it is within the calculated limits. Otherwise, this value is 
modified and set at the nearest authorized value. 

0101 If the preselected deceleration value nxs, has not 
been indicated in the course of step 22, it optimally is set to the 
maximum deceleration limit value nXs. 
0102. In the case of a “plateau-ramp' profile, the decel 
eration value in the course of the plateau may be chosen in two 
ways: either set by the operator at a given value, and in this 
case it is necessary for him to indicate a condition according 
to which the beginning of the ramp occurs (for example from 
a certain speed or position of the vehicle), or calculated auto 
matically. 
0103) In the course of the following step 28, a reference 
positionX is calculated in real time for example as a function 
of the current speed according to the following formula 
(where nXs is the preselected deceleration value). 

Yo (v. 2. V W(t) + 2. W v() - vo) + 2. V(to)) - (V(t) + 2. W(to)) 
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in the case of a ramp-plateau profile and according to the 
formula 

(4 V(t) + 2 V(to) 
2 

XR(W) = X(t) - (W(t) - V(to)) 3. (V(t) - V (to)) 
8 i-VSEL 2. V(to) B-26 + 6 

W(t) - V (to) 3 

in the case of a plateau-ramp profile. 
0104 Advantageously, the value of the reference position 
of the vehicle in calculated in real time from the current speed 
of the vehicle and from the value of the maximum decelera 
tion command authorized in the preceding step. 
0105. As long as the vehicle is situated in front of this 
reference position (marked PR1 on FIG. 1), the deceleration 
profile remains valid. 
0106 If the value of the current position of the airplane is 
greater than the value of the reference position (PR2 on FIG. 
1), for example in the case where outside disturbances, (con 
dition of the runway, of the tires of the vehicle . . . ) have 
contributed to braking more effectively than anticipated, that 
means that the contemplated profile no longer is appropriate, 
which activates the following step 30. 
0107 Step 30 is a step of updating the preselected maxi 
mum deceleration value nXs. In the course of this step, the 
deviation between the current position of the vehicle and the 
reference position (alternatively between the current speed of 
the vehicle and the reference speed) is determined. 
0108. This step 30 takes place only when the deceleration 
profile no longer is valid. 
0109. In this way, if necessary, the preselected value of the 
deceleration is updated by reducing it proportionally to the 
deviation noted between the current position of vehicle 1 and 
the reference position. 
0110. Once the preselected deceleration value is updated, 
reference speedV is calculated in the course of step 32. This 
speed is equal to that which vehicle 1 should have in order to 
arrive at the ending point at the preselected speed by follow 
ing the preselected deceleration value. 
0111. It will be noted that when the deceleration profile is 
not modified, the algorithm provides for going directly from 
step 28 to step 32 without performing any update. 
0112 Advantageously, the value of the reference speed of 
vehicle 1 is calculated in real time from the current position of 
the vehicle and from the preselected deceleration value of the 
preceding step. 
0113. In this way, as set forth above, the values of the 
reference position of the vehicle, the reference speed of the 
vehicle and the maximum deceleration are updated interde 
pendently. 
0114. The calculation of the braking command nx is per 
formed in the course of step 34 by applying the following 
formula 

AV(t) 
nxC(t) = n x(t) + (nxLWL- not WAV(t) 
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So as to achieve a braking corresponding to the selected pro 
file, wheret is the switchovertime of the deceleration profile, 
nX (t) the current deceleration at the instant t and where 
nx, is the deceleration for which the vehicle would reach 
the ending point at the preselected ending speed. 
0115 This calculation is based on the comparison 
between the current speed of vehicle 1 and the reference 
speed, that is to say that it takes into account the difference 
AV(t) between the reference speedV and the current speed 
V. This difference is calculated according to the following 
formula (for an instant t=t): 

I0116. This value nx, then is transmitted to braking appli 
cation means 16 for implementation of the appropriate brak 
ing in step 36. 
0117. Once step 34 is carried out, the algorithm returns to 
step 24 in order to perform the calculation of the deceleration 
command at the following instant. 
0118. At any moment, computer 18 communicates to the 
means for interface with the operator 12 the parameters useful 
to the operator, chosen from among those calculated in the 
course of running the algorithm presented above. 
0119 Furthermore, it communicates an estimate of the 
point where the airplane will reach the preselected speed 
according to one of the two following cases: 

0.120. If the current speed of the vehicle is less than the 
reference speed, this estimate is equal to the value of the 
ending position or point. 

0.121. If the current speed of the vehicle exceeds the 
reference speed, this estimate is calculated according to 
the formula 

X(t) = X(t) + 3 oski, 

where X(t) is the value of the estimate of the ending position 
or point, X(t) is the current position of the vehicle, V(t) is 
the speed preselected by the operator (ending speed) and n(t) 
is the current deceleration of the airplane, expressed in mul 
tiples of the universal gravitation constant g. 
0.122 From the value of this estimate, a possible danger of 
overshooting the ending point, or a point beyond which the 
integrity of the vehicle is at stake, may be detected. 
I0123. In this case, the type of deceleration profile may be 
changed automatically. For example, in the case where the 
profile selected beforehand is of "ramp-plateau' type, it may 
be changed into a profile of "plateau-ramp' type. 
0.124. At any moment, algorithm 20 may be interrupted by 
the operator through interface means 12 by input of appro 
priate commands. 
0.125. Alternatively, it may be interrupted when terminal 
conditions 38 are met. These terminal conditions include in 
particular the arrival of the vehicle at the ending point X, 
or a current speed of the vehicle less than the predefined 
ending speed V. When terminal conditions are met, the 
vehicle having reached its ending point and its desired speed, 
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the commanded deceleration becomes Zero and the vehicle, if 
it is an aircraft, must be taken over again by the pilot. 

1. Method for controlling the deceleration on the ground of 
a vehicle, characterized in that it comprises the following 
steps: 

obtaining (22) a preselected deceleration value; 
obtaining (24) current dynamic parameters representative 

of the current position and the current speed of the 
vehicle: 

determining (28, 32), from the said parameters obtained 
and from the preselected deceleration value, a reference 
position and speed of the vehicle, the reference position 
being a theoretical position to be reached by the vehicle: 

determining (34), from the said parameters and from the 
said reference position and speed, a deceleration com 
mand with a view to obtaining a preselected ending 
position and speed of the vehicle. 

2. Method according to claim 1, characterized in that it 
comprises the running in iterative manner of a Succession of 
at least some of the aforementioned steps. 

3. Method according to claim 2, characterized in that at 
least some of the values of the reference position of the 
vehicle, the reference speed of the vehicle and the preselected 
deceleration value are updated interdependently in the course 
of the same iteration of the succession of at least some of the 
aforementioned steps. 

4. Method according to claim 1, characterized in that the 
value of the reference position of the vehicle is determined in 
real time from the current speed of the vehicle and from the 
preselected deceleration value obtained. 

5. Method according to one of claims 1 to 4, characterized 
in that the value of the reference speed is determined in real 
time from the current position of the vehicle and from the 
preselected deceleration value. 

6. Method according to any one of claims 1 to 5, charac 
terized in that it comprises a step of updating (30) the prese 
lected deceleration value in the course of the same iteration, 
the updating step taking place between the step of determin 
ing the reference position (28) and the step of determining the 
reference speed (32). 

7. Method according to claims 1 to 6, characterized in that 
it comprises a step of determining the deviation between the 
current speed of the vehicle and the reference speed of the 
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vehicle and/or a step of determining the deviation between the 
current position of the vehicle and the reference position of 
the vehicle. 

8. Method according to claims 6 and 7, characterized in that 
the updating of the preselected deceleration value is per 
formed from the determination of the deviation between the 
current speed of the vehicle and the reference speed of the 
vehicle or from the deviation between the current position of 
the vehicle and the reference position of the vehicle. 

9. Method according to one of claims 1 to 8, characterized 
in that in the event of detection of an overshoot of the ending 
position by the vehicle, the method further comprises a step of 
changing of deceleration profile of the vehicle. 

10. Method according to claim 9, characterized in that the 
deceleration profile is of "ramp-plateau type or “plateau 
ramp' type. 

11. Method according to one of claims 1 to 10, character 
ized in that it comprises an initial step of preselecting param 
eters for control of deceleration. 

12. Device for controlling the deceleration on the ground of 
a vehicle, characterized in that it comprises: 
means for obtaining (12) a preselected deceleration value; 
means for obtaining (14) current dynamic parameters rep 

resentative of the current position and of the current 
speed of the vehicle: 

means for determining (18), from the said parameters 
obtained and from the preselected deceleration value, a 
reference position and speed of the vehicle, the reference 
position being a theoretical position to be reached by the 
vehicle: 

means of determining from the said parameters and from 
the said reference position and speed, a deceleration 
command with a view to obtaining a preselected ending 
position and speed of the vehicle. 

13. Device according to claim 12, characterized in that it 
comprises means for obtaining an estimate of the position 
where the vehicle will reach the preselected ending speed. 

14. Aircraft comprising at least one device according to one 
of claims 12 to 13. 


